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•fc Water tables arise from underground water movement into 
valleys, and are not related to flooding. 
•jr; Surface drainage is not likely to prevent rising water tables. 
. . . Results of wheatbelt research into 
the relationship of flood, 
By S. T. SMITH, M.Sc. (Agric), Senior Soil Research Officer 
IN Western Australia there are several ways in which salt manifests itself but the most 
serious and extensive of these is in the valley systems where shallow saline water tables 
occur. This type of salt problem is called "valley water logging" and occurs in most of 
the f la t valleys throughout the wheatbelt o f W.A. 
Water tables have gradually risen in 
many situations and when they are within 
six or so feet from the surface the capillary 
rise of water, and its evaporation at the 
surface, causes surface salting to develop. 
For many years it has been claimed that 
surface flooding in the flat valleys is 
responsible for the rising water tables. 
Certainly in most areas where salinity 
does arise from a water table, some degree 
of flooding occurs. However, it was realised 
that this could be coincidental because the 
valleys are extremely flat, and this could 
be the predisposing factor to both flood-
ing and rising water tables. As a conse-
quence, underground water movement 
studies were carried out in seven valleys 
in the wheatbelt, ranging from Corrigin in 
the south to Carnamah in the north. 
More recently a further study has been 
initiated in the Morawa district. 
Water Table Studies 
In brief, these studies consisted of 
drilling bores to various depths both 
across and down each valley, and tapping 
the underground water. The potential 
pressure of the water was measured by 
recording the height of the static water 
in each hole above a certain reference 
point. In this way one can determine:— 
• Whether the water is confined 
under pressure or otherwise. 
• The seasonal fluctuations of water 
height or pressure. 
• Whether the water - bearing 
aquifers between adjacent holes 
are connected. 
• The direction of underground 
water movement. 
Results 
7s the water confined? 
If a hole is bored in the broad flat valleys 
in the wheatbelt salt water is invariably 
encountered. In most cases it is found that 
the water once reached will rise up the 
hole, indicating that the water is confined 
under pressure below the upper mantle 
of clay, i.e., the more permeable water 
bearing aquifers lie beneath an upper 
mantle of less permeable material. It also 
means that while water tables rise initially 
at a fairly quick rate, the continued rise 
is retarded or slowed by the upper mantle 
of several feet of clay soil. This is 
represented diagrammatically in Figure 1. 
Seasonal fluctuation of watertable 
Having inserted test wells in a salt 
affected valley one can find the height of 
the water table in the hole above any 
given point, at regular intervals. Studies 
of this nature have shown there to be a 
seasonal response in the pressure of under-
ground water. Normally the underground 
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d saline water tables 
water is confined beneath the upper 
mantle of clay, and although it may not 
be true to say that it rises and falls during 
the season, it is true to say that its pressure 
rises and falls seasonally. The pressure is 
reflected by the height to which water 
rises in an open test well. Measurements 
have shown pressures to be lowest in the 
summer and highest during the winter 
period. An important point is the rapidity 
with which pressures rise at the onset of 
winter rains. Mention will be made of this 
later. 
Continuity of underground aquifers 
A line of test holes installed in these 
valleys shows there to be a similar 
behaviour in pressures along this line, and 
a relatively uniform gradient of pressure 
heights. This indicates that the under-
ground water in most cases is in a con-
nected aquifer with freedom to transmit 
pressures throughout the valley floor. 
Direction of flow 
If in a valley transect, a line of holes is 
dug at right angles to the valley direction, 
Land s u r f a c e v a l l e y 
Fig. I .—Diagram showing how water is confined by an upper 
mantle of impermeable soil, thus producing pressure 
the height which water rises can be 
measured in each. These heights above 
any reference point are pressures or 
hydraulic heads. A diagrammatic repre-
sentation of a vertical cross section of a 
valley is illustrated in Figure 2. This 
figure indicates the slope of the soil sur-
face into the valley, the depth at which 
water was encountered, and the water 
presure in each hole.' A line has been 
connecting the final water level (the 
hydraulic head) in each hole and this line 
is known as the hydraulic grade line. The 
diagram presented is a simplified version 
of the studies undertaken, but from which 
two important points emerge:— 
(i) The upper mantle of impermeable 
material is not always of uniform 
thickness. Where it is deep the 
watertable is further from the 
surface although the pressure of 
the water once tapped is consider-
able. Whether an area becomes 
salt-affected depends, in part, 
upon the thickness of the im-
permeable upper material. 
(ii) The hydraulic grade line indicates 
the direction of water movement. 
Water cannot flow against pressure 
gradients and must flow from 
points at higher pressure or 
hydraulic head to points of lower 
pressure or hydraulic head. In the 
diagram in Figure 2, it can be seen 
that underground water can only 
flow towards the valley and not 
away from it. This situation has 
been obtained in all valleys 
studied and indicates that the 
water feeding the water table does 
not arise from flooding, but from 
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Fig. 2—Cross section of salt-affected valley shewing winter and summer water table pressures 
the movement of underground 
water from the higher country to 
the valleys. These studies gave 
positive proof to this point, and it 
is probable that the removal of 
native vegetation is largely 
responsible for an acceleration of 
this process. 
In most of the studies undertaken, the 
holes bored to tap the water (test wells) 
were lined with piping which protruded 
up to 2 ft. above ground level. In some of 
these situations the test wells in the 
lowest part of the valley floor showed that 
water in them could rise above ground 
level during winter time, the period of 
highest pressure. (See Fig. 3). The fact 
Water level 
abpve ground 
/ In test we I I 
^ 
Fig. 3 .—In some situations water table pressures from beneath 
are such as to force water to rise above ground level in a 
cased test-well. Surface water may be absent 
that water could stand above ground level 
in test wells even when no water lay on the 
surface, again indicated that flooding of 
water on the surface was not responsible 
for the water table. It is impossible for 
surface water to penetrate to the water 
table against the upward pressure being 
exerted from the water table. 
Implications of Studies 
Studies indicate that it is the water 
entering the higher country and passing 
beyond the reach of plant roots and seep-
ing to the valley that causes water tables. 
It is true that our native vegetation, being 
high-water-using, deep-rooted perennials, 
tended to prevent this movement, although 
there is ample evidence that water tables 
existed even before clearing. Before settle-
ment, salt water could be encountered at 
considerable depths in most valley floors. 
Furthermore, salt lakes and channels 
were in evidence before land development. 
It is, however, reasonable to say that land 
clearing, and the replacement of the 
vegetation with shallow-rooted annuals, 
greatly accelerated this rise (Figure 4). 
Were it not for the upper mantle of less 
permeable clay confining this water, most 
of our valleys would have become salt 
channels with surface salt water in 
evidence as in salt lakes. 
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Water rarely moves quickly through soil 
and the rate is often only a few feet 
per year in heavy soils. The rapidity 
with which underground water pressures 
respond to seasonal rainfall indicates an 
almost continuously saturated aquifer 
from the valley to the point of intake on 
the higher land. 
Studies indicate conclusively that the 
water tables as such do not arise from 
flooding. This, however, does not mean 
that flooding is harmless as far as salt 
encroachment is concerned. With the 
water table present, flooding is an aggra-
vating factor because it destroys vegeta-
tion, and creates physical conditions 
favourable for the upward movement of 
salt. 
Clearing in Relation to Water Tables 
From what has been already stated it 
is clear that clearing our land has greatly 
accelerated rising water tables. Many who 
are aware of this, advocate leaving vege-
tation as a preventive measure. Some 
consider that the valley should not be 
cleared, while others advocate leaving 
vegetation on the higher ground. Perhaps 
we should look at the merits of each of 
these arguments. 
For both arguments the crucial point is 
how much vegetation is it necessary to 
leave? The fact that there was a water 
table and in some situations salt lakes and 
channels, before any clearing, indicates 
that even if no land were cleared we might 
still have had a gradual rise in the water 
table. In areas where the drainage lines 
have been left uncleared it is only too 
evident that the natural timber gradually 
succumbs to the rising water table and 
hence leaving vegetation in these situa-
tions is only a temporary or delaying 
measure. 
The leaving of vegetation on the higher 
country is largely a question of how much 
to leave. As there is ample evidence that 
water tables were present before clearing 
it is reasonable to argue that any clearing 
will hasten this rise. It is also reasonable 
to argue that one would have to leave 
substantial areas to have any significant 
effect in the reduction of this water table 
rise. This reasoning can be supported by 
calculations based upon the amount of 
water used by crops and pastures com-
pared with native vegetation. To have 
any great effect on the rate of water table 
rise one would probably have to leave well 
in excess of 40 per cent, of the native 
vegetation. It could be argued that with-
holding such a percentage of country 
from production is a far bigger loss than 
the amount (less than 1 per cent.) which 
has gone salt since development. From 
the individual farmers point of view, 
however, it is unfortunate that salt 
affected land is not evenly distributed and 
while some properties have none, others 
in the valley systems have large areas. 
Drainage in Relation to Water Tables 
Results of these studies show that surface 
drainage will have little or no effect on 
rising water tables. Only a network of 
deep drains designed to keep water tables 
below a depth of six to seven feet could 
therefore reduce or eliminate the rise of 
salt from water tables. While it is not 
intended to discuss this form of drainage 
Native vegetation 
Val(ey Surface 
F i9- *—Water tables were present before clearing (left) and replacement of native vegetation with shallow-rooted annuals 
allowed the water table level to rise (right) 
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in detail, it must be appreciated that a 
single main drain is inadequate for this 
purpose. An intensive layout of closely 
spaced lateral drains on all flat land would 
be essential. The high cost of such would 
be economically unattractive to farmers. 
Conclusion 
The type of water table studies carried 
out in the wheatbelt of W.A. have been 
briefly explained. These studies show that 
water tables arise from an underground 
water movement from high land into the 
valleys, and are not directly related to 
flooding. Surface drainage is not likely 
to prevent rising water tables. Deep 
drainage adequate to prevent their rise is 
economically unattractive. 
While rising water tables are accelerated 
by clearing, the restriction of clearing is 
not likely to greatly aid the problem, 
partly because of the large areas which 
would have to be left, and partly due to 
the difficulty of readily denning the exact 
source of the underground water in a 
particular area. 
These statements should not be inter-
preted as indicating that nothing can be 
done about salt encroachment. The most 
economic approach however lies in studies 
of land management which can enable 
the profitable use of salt land. 
SALT LAND CAN GROW USEFUL FEED 
These pictures (also shown 
in colour on this month's 
cover) give convincing proof 
tha t salt-affected land can 
produce valuable sheep feed 
i f fenced and sown to suit-
able salt-tolerant plants. 
In the top picture, taken 
in au tumn, 1958, the salty 
area at Corr ig in is bare and 
unproduct ive. No treatment 
has been at tempted. 
The lower picture, taken 
in spr ing, 1965, f r om the 
same posit ion, shows the 
same salty area to be well 
covered and a source of high 
qual i ty forage. 
The area was fenced to 
al low grazing control and 
sown w i th o ld man saltbush 
in 1958. Samphire, another 
useful salt land plant has in-
vaded the area by natural 
spread. Annual grasses have 
also established. 
The land was sown by 
broadcasting seed onto cu l t i -
vated ground. The area is 
now grazed in au tumn, after 
the seed has matured, so 
tha t natural regenaration of 
the stand wi l l take place. 
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